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Fertil Steril 1973 ,24:941-7. (Accepted 27 April 1984 Blood thiamine and thiamine phosphate ester concentrations in alcoholic and non-alcoholic liver diseases M DANCY, G EVANS, M K GAITONDE, J D MAXWELL Abstract Thiamine state was investigated in patients with alcoholic liver disease, patients with various non-alcoholic liver diseases, and controls using a direct technique (thiochrome assay) to measure thiamine, thiamine monophospate, and the active coenzyme thiamine pyrophosphate in whole blood after isolating the fractions by ion exchange chromatography. Overall nutrition was similar in all groups as assessed by anthropometry, and no patient had clinical evidence of thiamine deficiency.
There was no significant difference among the groups in mean concentration of any form of thiamine. The scatter was much greater in patients with alcoholic liver disease but only 8 7% had biochemical thiamine deficiency (defined as a blood concentration of the active coenzyme greater than 2 SD below the mean control value). An unexpected finding was of abnormally high total thiamine concentrations ( >2 SD above the mean control value) in 174% of patients with alcoholic liver disease, the highest concentrations being found in two patients with severe alcoholic hepatitis and cirrhosis. The ratio of phosphorylated to unphosphorylated thiamine was calculated as an index of phosphorylation and, although the mean did not differ significantly among the groups, the range was greatest in alcoholic liver disease. The lowest ratios occurred in the two patients with severe alcoholic hepatitis, but neither had evidence of thiamine pyrophosphate deficiency.
Contrary to studies using indirect assay techniques, these results suggest that thiamine deficiency is unusual in well nourished patients with alcoholic liver disease. The new finding of unexpectedly high thiamine concentrations in some patients may be due to abnormalities of hepatic storage or release in liver disease, particularly in severe alcoholic hepatitis. There was no convincing evidence of impaired thiamine phosphorylation in any patients with liver disease. Conclusions from studies using indirect assays on the prevalence and mechanisms of thiamine deficiency in liver diseases may not be valid.
Introduction
In affluent countries overt thiamine deficiency resulting in clinical syndromes such as Wernicke's encephalopathy, peripheral neuropathy, or beriberi heart disease is most often a consequence of chronic alcoholism. Gross deficiency states, however, are unusual in alcoholics in Britain and the United States, who may be as well nourished as non-alcoholic subjects of a similar social class.1
Thiamine is phosphorylated in the presence of pyrophosphokinase and adenosine triphosphate to thiamine pyrophosphate, which functions as a coenzyme for transketolase in the utilisation of pentose phosphate via the hexose monophosphate shunt. Figure 1 shows how the phosphate esters of thiamine are related metabolically. Patients with non-alcoholic liver disease-Sixteen patients with various non-alcoholic related liver diseases (including autoimmune liver disease, acute and chronic hepatitis, and cryptogenic cirrhosis) were studied, of whom four were cirrhotic. None admitted to drinking over 20 g alcohol daily.
Controls-Fourteen patients undergoing investigation for dyspepsia served as controls. All had normal standard liver function values and were drinking under 20 g alcohol daily. Routine liver function tests were performed by a standard automated method, and mean corpuscular volume was measured with a Coulter counter. Thiamine, thiamine monophosphate, and thiamine pyrophosphate were assayed by the thiochrome method.8 Fasting whole blood samples collected into lithium-heparin tubes were treated with perchloric acid, and the soluble fraction was run through ion exchange columns (analytical grade 1 bicarbonate plus Amberlite CG50) to separate thiamine and its phosphate esters. Thiamine (unphosphorylated) was assayed direct by the thiochrome method, while the thiamine ester fractions were treated with phosphatase to degrade them to thiamine before they were assayed, also by the thiochrome method. Recoveries of total thiamine after ion exchange chromatography were between 950/0 and 10400.
The reaction of thiamine with alkaline potassium ferricyanide resulting in the formation of thiochrome is specific for thiamine. The interference of other blood borne compounds in this assay by fluorescence was removed by subsequent extraction of thiochrome into isobutanol. When necessary all measurements were corrected for sample blanks obtained by omitting potassium ferricyanide in the reagent.
Results

NUTRITIONAL STATE
As judged by anthropometric criteria (triceps skinfold thickness, mid-arm circumference, mid-arm muscle circumference) the three groups were of similar overall nutritional state (table I). BLOOD THIAMINE There were no significant differences among the groups in respect of the mean values of any of the thiamine fractions measured. Table II gives the mean results for thiamine, thiamine monophosphate, thiamine pyrophosphate, and total thiamine, which was calculated from the sum of the three fractions; figure 2 shows the individual values. There was a considerable difference among the groups, however, in the scatter of results, reflected in the standard deviations.
Three alcoholics (13%) had low concentrations of total thiamine (>2 SD below the mean of the control group), and two of these patients also had low values of the coenzyme thiamine pyrophosphate. Less pronounced differences were seen between patients with non-alcoholic liver disease and the controls. Two of the 16 patients had a slightly raised total thiamine concentration, and in one of these the pyrophosphate fraction was also increased. Three patients with non-alcoholic liver disease had moderately raised unphosphorylated thiamine concentrations (fig 2) . In an attempt to determine whether liver disease was associated with a defect in thiamine phosphorylation the ratio of phosphorylated to unphosphorylated thiamine-(thiamine monophosphate + thiamine pyrophosphate)/thiamine-was calculated for each group of patients (fig 3) . Any defect in phosphorylation should be manifested by a low ratio. This was observed in two patients with alcoholic liver disease but in none of the patients with other types of liver disease. The two patients with a low ratio, however, were the severely ill alcoholics described above, both of whom had normal thiamine pyrophosphate values.
Discussion
The major difficulty in interpreting other studies of thiamine state in alcoholics is that they have used indirect assays or techniques that cannot distinguish between total thiamine and the pyrophosphate coenzyme. Although measurement of the activity of the thiamine pyrophosphate dependent enzyme transketolase has been most widely used, the indirect nature of this assay and its lack of correlation with other methods of assessing thiamine state4 5 make its suitability questionable. Measurement of the thiamine pyrophosphate effect (the increase in activity of transketolase after the addition of excess thiamine pyrophosphate in vitro) goes some way to meeting these objections. Nevertheless, this assay makes certain assumptions about the relation between thiamine and transketolase activity that may not be valid, particularly in alcoholics.9 10 We have resolved these problems by using an analytical technique that allows the separation and individual assay of free thiamine and its major phosphate esters.
In other studies thiamine deficiency was most frequently found in skid row alcoholics, up to 80% of whom had biochemical evidence of vitamin deficiency.3 Even in well nourished alcoholics as many as 30% have been reported to have subclinical thiamine deficiency as judged by reduced activity of transketolase.1" In a recent report only a small proportion of patients with low transketolase activity were found to have an increased thiamine pyrophosphate effect."1 In another study alcoholic patients with low transketolase activity not increased by the addition of thiamine pyrophosphate were reported to recover normal transketolase activity after receiving parenteral thiamine for a week.12 The findings were interpreted as evidence that thiamine deficiency causes a reduction in synthesis or activity of the transketolase apoenzyme. We, however, do not know of any evidence that transketolase synthesis is regulated by the availability of thiamine, and it may be relevant that in animal studies ethanol and acetaldehyde inhibit transketolase activity.
I
In our study biochemical thiamine deficiency (defined as a blood concentration of the coenzyme thiamine pyrophosphate >2 SD below the mean of the controls) was found in under 9% of patients with alcoholic liver disease, a figure more in keeping with other reports on the prevalence of an increased effect of the coenzyme than of impaired transketolase activity in comparable groups of well nourished alcoholics. '1 A new finding from our study was the surprising number of alcoholics-particularly those with cirrhosis-who had abnormally high blood patient had received vitamins before the study) or endogenous bacterial synthesis seems unlikely to account for this. The liver, however, is the principal storage organ for thiamine, and high circulating concentrations might be accounted for by impaired uptake or increased release of stored thiamine by ethanol. There may be an analogy with the finding of high blood concentrations of vitamin B12 released from damaged hepatocytes in patients with liver disease. Experiments show that ethanol infusion results in release of thiamine into rat liver perfusates and that in the presence of ethanol thiamine rebinding does not occur.13 Decreased phosphorylation of thiamine to the active coenzyme thiamine pyrophosphate has been suggested as one possibly important factor in thiamine deficiency in alcoholics14; we, however, found no evidence for this. On the contrary, patients with low concentrations of thiamine pyrophosphate had vanishingly low values of unphosphorylated thiamine and a high ratio of phosphorylated to unphosphorylated thiamine, suggesting that the phosphorylating mechanism was functioning efficiently. The few patients in whom an abnormal ratio suggested the possibility of a phosphorylation defect had normal or high concentrations of thiamine pyrophosphate. This should be investigated further in kinetic studies of thiamine phosphorylation in vivo. Nevertheless, our present findings using a direct assay of thiamine and its important metabolites indicate that some conclusions about the prevalence and mechanism of thiamine deficiency in alcoholics drawn from studies using indirect methods may not be valid.
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SHORT REPORTS
Augmentin (amoxycillin-clavulanic acid) compared with co-trimoxazole in urinary tract infections Many antibiotics are effective in urinary tract infection with sensitive organisms but have seldom been compared for the time taken to achieve clinical cure. This study compares the efficacy of Augmentin (a formulation of amoxycillin with the f-lactamase inhibitor potassium clavulanate) with that of co-trimoxazole on the basis of time for resolution of symptoms and signs of infection.
Patients, methods, and results
Inpatients were included in the study only if they had at least two of: (a) fever, (b) urinary tract symptoms, (c) significant numbers of pathogenic organisms in a midstream or catheter urine specimen. Five patients (two in the Augmentin group and three in the co-trimoxazole grouD) were admitted to hospital for urinary tract infection. The remainder were admitted for other medical and surgical conditions and had acquired their infections in hospital. Only one patient had an indwelling catheter. The most common pathogens were Escherichia coli or other coliforms. Other organisms included Klebsiella, Proteus, and Streptococcus faecalis.
The study was a single blind comparison, with patients allocated at random to seven days' treatment with either Augmentin (250 mg amoxycillin+ 125 mg potassium clavulanate) three times daily or co-trimoxazole (160 mg trimethoprim+800 mg sulphamethoxazole) twice daily. Clinical cure was defined as complete resolution of all the presenting symptoms and signs of urinary tract infection. Consecutive patients allocated to each treatment were paired for sequential analysis by the method of Matts1 using an RST plan2 with 0=0 75, 1-,l=0 95, and 2=--0-05, treatment preferences being based on day of clinical cure. The sequential plot reached a boundary indicating a preference for Augmentin after 52 assessable patients (26 receiving each treatment) had been entered. There were no significant differences between the two groups on entry in age, sex, primary illnesses, and symptoms and signs of urinary tract infection. All patients had a bacterial culture of > 108 organisms/l urine and all completed the study.
All 26 patients in the Augmentin group were cleared of the causative organism compared with 23 of the 26 patients (88%) in the co-trimoxazole group (x2: p=0.08). There was a good correlation between the clinical and bacteriological results (table) .
All patients in the Augmentin group had infections sensitive to Augmentin and 25 (96%) were clinically cured; in the co-trimoxazole group only 21 patients (81%) had infections sensitive to co-trimoxazole, of which 20 were clinically cured (95%). Of those patients cured, however, the mean time to clinical cure was 3-2 days (range 2-5) in the Augmentin group compared with 4-7 days (range 1-7) in the co-trimoxazole group, and this difference was significant (p=00004; unpaired t test).
Both treatments were well tolerated. No patient withdrew from the study because of an adverse reaction. Two patients in each group had nausea of short duration. One patient taking co-trimoxazole had abdominal pain.
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